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Abstract 
 
In the paper, we present the main assumptions of ontology formulation and knowledge modeling in the form of relational database. This 
approach simplifies the development of knowledge mining tools which may use SQL together with attributive logic. The paper presents  
a concept and principles of ontology formulation for the needs of collecting the technological knowledge. The relational model of database 
is used as a tool for ontology developing. An example was given of how to model the ontology along with the example of the rules used in 
search  for  information.  The  results  of  our  preliminary  works  confirm  the  correctness  of  our  assumptions  and  enable  drawing  the 
conclusion, that well-known and reliable relational databases may be used as an efficient tool for ontology development. 
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1. Introduction 
 
The  exchange  of  information  through  electronic  media  is 
more  and  more  often  used  not  only  as  a  tool  to  solve  simple 
problems of commercial cooperation but also as the means to deal 
with more complex issues of e-collaboration. Automatisation of 
the  exchange  of  information  on  products  and  technologies 
requires  creating  an  unambiguous  definition  of  knowledge 
pertinent to a given area of subjects called ontology. An ontology, 
for  computer  and  information  sciences,  is  a  specification  of  a 
conceptualization,  which  is  the  set  of  ideas,  concepts, 
relationships,  or  other  abstractions  that  comprise  a  domain  of 
modelling  or  discourse.  An  ontology  defines a  representational 
vocabulary for the conceptualization, and specifies constraints on 
the  meaningful  use  of  this  vocabulary,  so  that  facts  about  the 
domain  can  be  shared,  communicated,  and  reasoned  about [1]. 
Starting with the early 90-ties of the past century, a variety of 
methods, methodologies and tools have been developed to help 
the  task  of  ontology  "constructing".  Our  approach  consists  in 
reformulating the ontology to get records consistent with the rules 
of  data  modelling  used  in  relational  databases.  The  relational 
model of data imposes a number of restrictions to the rules used in 
ontology formulation, although it is very firmly rooted in the set 
theory and predicate calculus, both ensuring the data integration 
and  integrity.  Writing  of  knowledge  in  the  form  of  data  and 
relations,  using  the  Structured  Query  Language  (SQL)  for 
searches makes recording of rules going beyond the calculus of 
predicates impossible. One of the purpose of this paper is to present 
capabilities  of  this  method  for  technological  knowledge  modelling, 
which allow to solve complex decision problems 
This paper continues in Section 2 with an explanation of the 
methods of ontology developing. Section 3 gives the details on 
our  proposed  approach.  Section  4  presents  the  example  of 
technological knowledge modelling. The conclusions are drawn in 
Section 5. 
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2. Design methodology 
 
The ontologies are the basis of Semantic Web which enables 
distribution  of  information  and  knowledge  over  the  wide-area 
networks [2]. However, most information on the Web is designed 
for  human  consumption,  and  even  if  it  was  derived  from  a 
database with well defined meanings for its columns, the structure 
of the data is not evident to a robot browsing the Web. Leaving 
aside the artificial intelligence problem of training machines to 
behave like people, the Semantic Web approach instead develops 
languages  for  expressing  information  in  a  machine  processable 
form.  Semantic  Web  is  an  initiative  of  World  Wide  Web 
consortium  and  is  a  set  of  languages  and  tools  for  machine 
processing of information stored in WWW.  
Semantic Web idea is a chance for intensive development of 
new technologies in web and computer science areas. An example 
of such research may be European project on Semantic Virtual 
Engineering  Environment  for  Product  Design  (SevenPro). 
SevenPro develops technologies and tools supporting deep mining 
of product engineering knowledge from multimedia repositories 
and  enabling  semantically  enhanced  interaction  with  product 
knowledge in integrated engineering environments [3]. 
The main task consists of capturing explicit and discovering 
implicit  knowledge  in  terms of  access,  share,  and  reuse  of  the 
product  knowledge.  SevenPro  manages  large  amounts  of 
semantically  represented  engineering  knowledge,  and  the 
communications among its different modules use RDF (Resource 
Description  Framework)  as  an  exchange  format.  The  different 
modules will share ontologies which describe and structure the 
data with RDFS definitions. SevenPro aims at helping an engineer 
to design new objects by providing a 3D viewing of the designed 
object,  information  on  each  part  of  the  object  –  suggestions  if 
other objects with similar or close properties could be proposed – 
and information about repetitive design processes. 
The  formulation  of  ontology  for  technological  knowledge 
modelling, and development of tools for knowledge sharing may 
extend the idea of concurrent engineering (CE). The main concept 
of  CE  is  that  the  preceding  design  activities  should  all  be 
occurring at the same time, or concurrently [4]. It is considered 
that  the  concurrent  nature  of  these  processes  significantly 
increases  productivity  and  product  quality,  aspects  that  are 
obviously important in today's fast-paced market. The goals of CE 
can be achieved trough making  the possibility of technological 
knowledge modelling in Semantic Web form. 
An important part of the work in SevenPro and other similar 
projects is to find a common way of representing the engineering 
knowledge. The knowledge representation has to enable effective 
knowledge modelling and mining, based on collected facts. The 
following approaches are assumed for Semantic Web formulation: 
  FOL (First Order Logic); sound, complete, but not decidable, 
  Propositional Logic; sound, complete, decidable, but has low 
expressive power, 
  DL  (Descriptive  Logic)  has  sound,  complete,  decidable 
inference procedure; has reasonable expressive power, 
  Alternatives to DL; decidable fragments of FOL – Horn logic 
(prolog), F-Logic (Frame Logic). 
The  First  Order  Logic  is  simple  and  straightforward. 
Propositional  Logic  is  a  formal  system  in  which  formulas 
representing  propositions  can  be  formed  by  combining  atomic 
propositions using  logical  connectives,  and  a  system  of  formal 
proof rules allows certain formulas to be established as theorems. 
The  Descriptive  Logic  refers,  on  the  one  hand,  to  concept 
descriptions used to describe a domain and, on other hand, to the 
logic-based semantics which can be given by a translation into 
first-order predicate logic. Descriptive logic was designed as an 
extension  to  frames  and  semantic  networks,  which  were  not 
equipped with formal logic-based semantics. 
Frame Logic accounts in a clean and declarative fashion for 
most of the structural aspects of object-oriented and frame-based 
languages.  These  features  include  object  identity,  complex 
objects,  inheritance,  polymorphic  types,  query  methods, 
encapsulation and others. F-logic stands in the same relationship 
to  the  object  oriented  paradigm  as  classical  predicate  calculus 
stands to relational programming, A small number of fundamental 
concepts that come from object-oriented programming have direct 
representation in F-logic. Secondary aspects of this paradigm are 
easily modelled as well. 
It is assumed nowadays, that since relational database have 
many drawbacks, it is not adequate for formulation of ontologies 
which are required when computer system is designed not only to 
store data, but represent knowledge as well. In our opinion above-
mentioned statement is untrue. Our previous research on foundry 
knowledge  modelling  [5]  led  us  to  the  conclusion  that  it  is 
possible to use the relational databases tools (SQL) for ontology 
developing. 
 
3. Proposed solution 
 
Our research indicates that the most effective solution, capable of 
direct cooperation with majority of industrial information systems, is a 
combination of relational model with inference system which utilizes 
attributive logic. Such solution, named Inference with Queries (IwQ) 
was  developed  for  its  application  in  Business  Rules  Management 
Systems [6]. It may also constitute a basis for formulation of ontology 
based on relational database. The tool which is a result of our research is 
a processor of rules created according to IF...THEN...ELSE formula, in 
which preconditions  are attribute  values and conclusions operate on 
attributes. 
Knowledge storage in IwQ is realized in accordance with principles 
of  Variable  Set  Attributive  Logic  (VSAL)  [].  Basic  statement  in 
attributive calculus is generally of the form: 
<attribute> (<object>) = <value>   or   Ai(o) =  v 
and it has the meaning that attribute A for object o takes value v. For 
example, Price(cast) = "high" means that the price of a specific cast is 
high. In case of VSAL atomic formula definition is expanded: if o   O 
is a certain object, Ai   A is an attribute and X   V is a certain variable, 
then any expression of the form: 
Ai(o) = X   and   Ai(o)   X 
is an atomic formula of VSAL where 
O - a set of object name symbols, 
A - a set of attribute names, 
V - a set of variables. 
Attribute Ai is a function of the form: 
Ai : O   2
Di  
where D is a set of attribute values names (the domains). 
Constant values belonging to domain D denote values of specific 
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elements in case the precise name of an element is currently unknown, 
unimportant, or a class of elements is to be represented. 
The  language  allows  the  use  of  other  than  equality  relational 
symbols, i.e. =, >, <, etc. 
The generic form of a rule in our inference engine can be presented 
as follows: 
) (
...
...
) (
...
...
... : ) (
2 1
2 1
2 1
2 1
2 1
j else
Q Q Q
H H H
else
i next
P P P
G G G
F F F i rule
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where  
1. Fi, Gi, Hi are in the form of basic statements: 
Ai(o) = v   or   Ai(o) = X 
in case of preconditions, satisfaction of the formula is verified and in 
case of conclusions the satisfaction is stated, 
2. Pi, Qi are in form X = v which means that value v is assigned to a 
certain variable X, 
3. next(j),  else(k)  are  the  specifications  of  control;  the  next(i)  part 
specifies which rule should be examined immediately after successful 
execution of rule i and else(j) part specifies which rule should be tried 
in case of failure. 
Variables are of great importance in attributive logic. They may 
serve  two  main  purposes.  Firstly,  they  are  undefined,  not  known 
a priori, yet identifiable values. Secondly, variables allow to transfer 
values  of  attributes,  even  if  these  values  were  initially  unknown.  It 
follows  from  the  fact  that  variable  name  is  valid  within  the  whole 
domain boundaries. 
In  relational  databases  formulas  of  attributive  logic  are  used  to 
define selection criteria for information retrieval and for the so-called 
theta-join operation for joining tables. An assumption was made on the 
basis  of  the  above  statement,  that  in  rule-based  decisive  system 
attributes as well as variables will be stored in the form of relations. 
Our  experiences  show  that  such  formulated  model,  as  well  as 
application which was developed on its basis, fits perfectly for solving 
elementary  decision  problems,  characteristic  of  Expert  or  BRM 
systems.  By  introduction  of  control  specifications,  our  solution  has 
some features of programming language in logics, thereby it may find 
its application in agent-based simulation. In every application which has 
been tested until now, entire knowledge required for problem solving 
was stored in set of rules, relations which describe objects, attributes and 
variables. This model is a kind of ontology, yet limited to very narrow 
range of applications. Structure of the model is clearly connected with 
the  purpose  for  which  it  was  developed.  Whereas  we  talk  about 
knowledge representation by means of ontology, we usually think of 
formal description of notions. Such description can be used in many, 
not a priori defined purposes. Obviously it is possible to store all current 
knowledge on a given domain in form of interconnected relations, but 
formulation of some rules would be required in order to allow data 
mining. However, this is not possible without knowing the purposes for 
which the knowledge will be used.  
In our opinion, a solution for this problem is the development of data 
metamodel on one hand, and increase of flexibility of inference engine 
by introducing mechanism of so called variable formulas, on the other. 
The concept of data metamodel comes down to partial transfer of 
intentional database structure to its extensional part. In primary version 
of IwQ method, knowledge was stored in the set of relations which 
described attributes. These attributes were grouped in accordance with 
general principles so as to simplify formulation of the rules. It should be 
noted that there is a possibility to store all values of attributes in one 
relation. Simultaneously, sets of attribute names and their relationships 
can be stored in two connected relations. Scheme of such ontology 
model is presented in Figure 1.  
 
Fig. 1. Entity-Relationship Diagram of ontology model 
 
 
4. Example of technological knowledge 
modelling 
 
The essence of the inference in our knowledge model might be 
analyzed on the following example which shows knowledge required 
for  casting  alloy  selection  according  to  foundry  client’s  needs. 
Exemplary rules used for inferencing in this case can be written in the 
following form (the presented set of rules is example only and does not 
contain all parameters which are used for casting alloy selection): 
Rule 1 
if chemical factors resistance required and high temperature resistance 
required then high environmental requirements 
Rule 2 
if abrasion resistance required and corrosion resistance required then 
high work conditions requirements 
Rule 3 
if high environmental requirements and high work conditions 
requirements then highest requirements 
Rule 4 
if highest requirements and required tensile strength greater than 
500 MPa  then use martensitic ductile cast iron 
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These rules will be recorded in the following tuples: 
 
IdAttribute   AttributeName 
1  chemical factors resistance 
2  high temperature resistance 
3  environmental requirements  
4  abrasion resistance 
5  corrosion resistance 
6  work conditions requirements  
7  highest requirements 
8  required tensile strength  
9  use  
 
IdFormula  IdAttribute  RelationalSymbol  Constant 
1  1  =  required 
2  2  =  required 
3  3  =  high 
4  4  =  required 
5  5  =  required 
6  6  =  high 
7  7  =  true 
8  8  >  500 
9  9  =  martensitic ductile 
cast iron 
 
IdPrecondition  IdConclusion 
1  3 
2  3 
4  6 
5  6 
3  7 
6  7 
7  9 
8  9 
 
Relationships presented above can be shown in the form of graph 
(Figure 2). 
 
 
 
Fig. 2. Treeview of exemplar rules 
 
It  should  be  noted  that  these  formulas  can  be  also  used  for 
completely  different  purposes.  It  is  possible  owing  to  the  fact,  that 
association  between  formulas  is  characterized  by  many-to-many 
relationship.  Thus,  the  same  formula  may  become  a  premise  for 
multiple conclusions.  
 
 
5. Conclusions 
 
The results of our preliminary works confirm the correctness 
of our assumptions and enable drawing the conclusion, that well-
known and reliable relational databases may be used as a tool for 
ontology development.  
Among other advantages our solution provides: 
  direct  access  to  information  sources  stored  in  relational 
databases, 
  utilization of well-known and reliable SQL solutions, 
  transactional access to the ontology provided "for free" by 
most relational databases, 
  possibility  to  introduce  explicit  knowledge  structure  and 
inference  engine  control  which  significantly  facilitates 
inference process. 
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